1 , I present new results from CLEO on charm and bottom hadrons. Most of the talk will be on the issue of the B semileptonic branching fraction, its connection to the number of charm quarks produced in the decay of a b quark, and the rate for the b → ccs transition.
Introduction
The physics program at CLEO is at the forefront of heavy flavour research. The emphasis is on the decay of charm hadrons, beauty mesons and tau leptons. There is also active research in 2-photon physics, Upsilon spectroscopy and production characteristics of charm hadrons.
In this talk, I will focus on the disagreement between the experimental value of the B semileptonic branching fraction and predictions of theoretical models; the experimental value being the smaller of the two. In order to "fix" the model predictions, one has to increase the number of charm quarks produced in the decay of a b quark, and also the rate for B decays of the type, b → ccs. I will discuss CLEO results which shed light on this issue. I will first present results on an isospin violating decay of the D * s meson.
Data Sample
The results shown here are based on data taken at the Cornell Electron Storage Ring using the CLEO-II detector. The CLEO-II detector has excellent charged and neutral particle detection over ≈ 95% of 4π. Electrons and muons are detected with high efficiency and low fake rates. Detector details can be found elsewhere [ 1] .
The data were collected on the Υ(4S) resonance, with center of mass energy of 10.58 GeV, 1 Invited talk at "Production and decay of hyperons, charmed and beauty hadrons", Strasbourg, France, Sep. [5] [6] [7] [8] 1995 and in the continuum, 60 MeV below. The ON resonance luminosity was 3.3 fb −1 , which corresponds to about 3.5 × 10 6 BB mesons produced. The OFF resonance luminosity, which is used to model the continuum background under the Υ(4S), was 1.6 fb −1 .
To study charm hadrons, one can use both ON and OFF resonance data, which amounts to about 6.5 × 10 6 cc pairs produced. The total number of reconstructed charm hadrons at present, which includes
The results presented here are based on about 70% of the total luminosity.
Isospin violating decay, D
Up to now, only the radiative decay of the D * s has been observed [ 2] . The only strong decay allowed, D * s → D s π 0 , is "forbidden" by isospin. However, isospin is not an exact symmetry, e.g., m u = m d , and the presence of the decay ψ ′ → J/ψπ 0 . It has been argued on the basis of chiral perturbation theory that D * s → D s π 0 is non-vanishing. The decay is mediated by a virtual η, which has a significant ss content, which then "mixes" into a π 0 , due to the fact that the former also has a large non-strange component. The second step violates isospin. The tree level diagram for this decay, gluon emission to produce a π 0 , is OZI-suppressed, whereas the electromagnetic production mechanism is down by a factor of α. The amplitude for this decay mode is proportional to the mass difference between the u and d quarks. Since the radiative decay, D suppressed due to the partial cancellation of the charm and strange quark magnetic moments, it is possible to observe the isospin violating decay.
The D s meson is reconstructed in the φπ decay mode, which has a large (detection efficiency × branching fraction) and is relatively background free [ 4] . The π 0 has to pass strict selection criteria in order to be considered. In Fig. 1 Taking into account that the sidebands are twice the width of the signal region, we obtain the binomial probability of getting 16 (or more) signal events out of a total of 21 events to be 7.3 × 10 −5 , which corresponds to a statistical significance of at least 3.9 standard deviations. Normalizing this reaction to the radiative decay, we obtain the branching fraction ratio,
The presence of both the radiative and pionic decay modes implies that the spin-parity of the D * s belongs to the "natural" series (1 − , 2 + ,...). The most likely scenario is 1 − , same as D * 0 and D * + [ 2] . In addition, the pionic decay mode is very close to the kinematic threshold; we use it to measure the mass difference of D * s and D s , which is determined to be 143.76 ± 0.39 ± 0.40 MeV/c 2 , in excellent agreement with the previous CLEO measurement (using the radiative mode), 144.22 ± 0.47 ± 0.37 MeV/c 2 . These values are somewhat larger but more precise than the PDG [ 2] value of 142.4 ± 1.7 MeV/c 2 . Figure 1 . Mass Difference.
Semileptonic B decay and related issues
One of the more intriguing issues in B physics is the disagreement between the experimental value and theoretical predictions for the B semileptonic branching fraction. After accounting for QCD corrections, the theoretical predictions range from 11% − 12%, whereas the most model independent experimental value (CLEO) is (10.49 ± 0.17 ± 0.43)%. This "disagreement" may not seem real, but the problem is that these theoretical models also predict that the number of charm quarks (n c ) produced per decay of a b quark is about 1.30 instead of the measured value (CLEO),
These predictions imply that the rate of the b → ccs transition is boosted from 0.15 to about 0.30; the lower the theoretical prediction for B(B → Xlν), the higher the prediction for n c and Γ(b → ccs). Table 1 lists the latest CLEO results on the inclusive decay rates of the B meson into various charm final states [ 3] .
If these theoretical models are right then Γ(b → ccs) ≈ 0.30, and Γ(b → ccs)/Γ(b → cūd) ≈ 2/3. This does not change the experimental value of n c , although a large experimental value of Γ(b → ccs) will imply that n c is being underestimated. Table 1 Inclusive B decays to charm hadrons.
Decay mode Ratē
The (b → ccs) transition manifests itself as final states containing a D s , Ξ cΛc , or charmonium states. In this section, I will present results which shed some light on these issues. In fig. 2, I show the electron spectrum, P e > 0.6 GeV/c, from B decay, where the opposite B has been tagged with a high momentum lepton (P tag > 1.5 GeV/c). Correlating the charge and angle between the two leptons, we can disentangle the primary lepton spectrum (b → clν) from the secondary spectrum (b → cX, c → Y lν). Since we can detect electrons down to 0.6 GeV/c, we are able to probe a larger portion of the momentum spectrum and hence have to rely less on models to extrapolate down to zero lepton momentum. This analysis yields, At present, this analysis suffers from low statistics, but we hope to complement this analysis by searching for exclusive decay modes, which will pinpoint more accurately the production mechanism for D s mesons.
B → Charmonium
This class of decays occurs via an internal W diagram, where W → cs, and thec quark produced in the decay of theb combines with the c quark to form a charmonium state, J/ψ, ψ ′ , χ c , h c , η c , ψ ′′ . Table 2 lists the CLEO measurements of B decays into charmonium states. A "direct" measurement implies that all feed-downs into that final state have been removed from the quoted result. Using theoretical estimates for the relative rates of B → χ c0 , h c , η c , we estimate that the total branching fraction for B to charmonium states is (2.6 ± 0.3)%. Since there are two charm quarks in these states, they enter with twice the weight in Table 1 . 
from the vacuum, whereas the internal W diagrams require only one such pair, leading to the possibility that the former class of diagrams may not be dominant. In contrast, in B decays to mesons, the external W diagrams are quite dominant. If the external W diagrams are dominant for B → baryons, then b → ccs may not play a big role here, since they mainly occur in internal W type processes (Fig. 5c is phase-space suppressed). In other words, if both external W and b → cūd are dominant, then one may expect the ratioB(Λ cN Xlν)/B(Λ c X) ≈ 12%, as is the case for B → mesons. We have studied the importance of external W diagrams, by searching for the decay B → Λ nal state, the electron momentum is softer than in the case of B decay to mesons, and we require that it be in the range, 0.7 GeV/c to 1.5 GeV/c. Opposite-sign combinations, Λ + c e − are due to both signal and background events, whereas like-sign events Λ + c e + are all background. Background in this case consists of picking up the Λ + c from the decay of one B, and the electron from the other B and also due to B mixing. In Table 3 we list the event yields (continuum subtracted) and background estimates. As one can see, we do not have a statistically significant signal as yet, but with the current data we can set the following 90% confidence level upper limit,
This result implies that the external W diagrams may not be dominant in B → baryons, because if they were, then the above ratio would be closer to 12%; thus, we may be able to investigate the role of b → ccs transitions, which occur mainly in internal W type processes.
To investigate the relative strengths of b → cūd and b → ccs transitions, we now look at Λ c − lepton correlations, where the two now come from different B's. The lepton momentum is required to be between 1. to all B decays. In addition, this result is consistent with the ratio being 1/3, which is what one expects from naive phase-space arguments. However, to have a more conclusive result, we need more data, more techniques of tagging the flavour of one B. B → Ξ c X is another decay mode where one can probe the importance of the b → ccs transition. This decay mainly occurs via the internal W diagram with the W → ud accompanied by ss popping as in fig. 5b or W → cs accompanied by light quark-pair popping, as in fig. 5d , respectively. There will be also be some contribution due to the external W diagram as in fig. 5a . To calculate a ratio for inclusive Ξ c production, we have to estimate the absolute branching fraction scale for Ξ c decays. We do this by assuming that the semileptonic widths for all charm hadrons is the same, and that Ξ c → Ξlν saturates the Ξ c semileptonic width (similarly for Λ c ). This leads to upper limits on the branching fraction of Ξ c → ΞX, and Λ c → pKπ. I should point out that these assumptions are not very reliable, and only serve to make a "crude" estimate. Using CLEO data for the semileptonic data, we get that B → Ξ + c X = (2.0 ± 0.7)%, B → Ξ 0 c X = (2.8 ± 1.2)%, and B → Λ c X = (3.1 ± 1.0)%. Using these estimates, we find that [B(B → Ξ c X)/B(B → Λ c X]) ≈ 1.5 ± 0.7, which is not terribly conclusive. This result is consistent with a small rate for b → cūd transitions in baryon production, which is in sharp disagreement with the result from Λ c − lepton correlations. Most likely, the branching fraction scale for the charmed baryons is wrong.
Conclusions
b → ccs transitions do take place, as evidenced by B → D s X, Ξ cΛc X, charmonium states. Our preliminary results indicate that the rate for b → ccs is not enough to solve the B(B → Xlν) "problem". We find this branching fraction to be (10.49 ± 0.17 ± 0.43)% instead of the expected 12%, and we also find n c , the number of charm quarks/b quark to be 1.15 ± 0.044 instead of 1.3. Lack of time prevents me from presenting other results, but I will briefly point out some of them.
• We have made the first unambiguous measurement of D s semileptonic decays to η, η 
